Objective Presently, the predominant subtypes of influenza viruses in the world, except for those in local epidemics, include influenza pandemic H1N1 2009 (pH1N1), H3N2, and B viruses. There are few reports on the differences in the clinical features, radiographic findings, treatment, and outcomes of influenza virusassociated pneumonia among these three viral subtypes. The purpose of this study was to investigate whether the clinical features, radiographic findings, treatment, and outcomes differ among the viral subtypes. Methods We retrospectively analyzed 96 patients with influenza virus-associated pneumonia whose viral subtypes were clarified. Results Patients with pH1N1 virus-associated pneumonia tended to be young. The frequency of primary viral pneumonia differed among the virus-associated pneumonia subtypes (pH1N1, 80%; H3N2, 26.5%; and B, 31%). Patients with pH1N1 virus-associated pneumonia more frequently showed bilateral ground-glass opacities (GGOs), which affected more lobes than in patients with H3N2 and B virus-associated pneumonia. However, patients with H3N2 virus-associated pneumonia showed a higher frequency of consolidation and diffuse bronchial wall thickening than did the patients with pH1N1 virus-associated pneumonia. The severity and mortality did not differ among the three pneumonia subtypes. Conclusion In the patients who developed influenza virus-associated pneumonia, those with pH1N1 virusassociated pneumonia frequently developed primary viral pneumonia resulting in bilateral and broad areas of GGOs on imaging, whereas patients with H3N2 virus-associated pneumonia frequently showed consolidation and diffuse bronchial wall thickening on pulmonary imaging.
Introduction
Influenza viruses cause significant morbidity and mortality globally that result in severe illness in 3-5 million people and death in up to 500,000 individuals during epidemic years (1) . The pandemic influenza in 2009 strongly affected clinical practice. Pneumonia is the leading complication of influenza virus infection, and many cases of pandemic influ-radiographic findings, treatment, and outcomes differ among these three viral subtypes.
Materials and Methods
We conducted a retrospective study of all patients hospitalized with pneumonia over a 12-year period from January 2002 through March 2014 at our institution in Saitama, Japan. Excluded patients comprised those showing immunosuppression (AIDS or receiving chemotherapy), nursing home residents, and those with tuberculosis, non-resected lung cancer, or a confirmed alternative diagnosis lasting until the end of the follow-up. The diagnosis of causative microorganisms was made according to the results of a semiquantitative culture of respiratory samples or blood, paired sera, and urinary antigen tests for Streptococcus pneumoniae and Legionella pneumophila, as reported previously (3) .
The types of influenza-associated pneumonia were judged by physicians based on a previous report (4) . Severe community-acquired pneumonia was defined when at least one major criterion or three minor criteria of the IDSA/ATS guidelines (5) were present. Computed tomography (CT) scans were independently interpreted by two radiologists, and any disagreement was discussed and resolved by consensus. Diffuse bronchial wall thickening was defined when thickened bronchial walls were present in at least 4 lobes. Lymphadenopathy was defined as a short axis of hilar or mediastinal lymph nodes of ! 10 mm. Approval for this study was obtained from the institutional clinical research ethics board (no. 2014006).
Statistical analysis
The data are presented using descriptive statistics for continuous variables and frequencies for categorical variables. Differences between groups were analyzed with an analysis of variance (ANOVA) for continuous variables and chisquare tests for categorical variables. In all tests, p values of <0.05 were considered to be statistically significant. For CT data, kappa coefficients were calculated to assess the agreement between the two radiologists. All statistical analyses were performed using the SAS version 9.3 (SAS Institute, Cary, USA) software program.
Results

Patients
From January 2002 to August 2014, 1,810 patients with pneumonia were admitted to our institution, of whom 194 were diagnosed as having influenza-associated pneumonia based on positive rapid antigen tests, increased antibody titers of paired sera, or positive results of reverse transcription polymerase chain reaction (RT-PCR) analyses. Of these 194 patients, 98 were excluded because we could not differentiate the virus subtype in these patients. These included 9 pa-tients (6 before 2009 and 3 after 2009) with a positive rapid antigen test for A viruses in whom serum samples were not obtained in the recovery phase because of their early deterioration to death.
Viral subtypes
The diagnosis of the viral subtypes was based on the following methods: pH1N1 virus, positive RT-PCR results in 11 (55.0%) and increased antibody titers in 10 (50.0%) of 20 patients; H3N2 virus, positive RT-PCR results in 1 (2.9%) and increased antibody titers in 33 (97.1%) of 34 patients; and B virus, positive rapid antigen test in 34 (80.9%) and increased antibody titers in 12 (28.6%) of 42 patients.
Patient characteristics
Patients with pH1N1 VAP tended to be younger than those with influenza VAP of the other two viral subtypes (p=0.066) ( Table 1 ). The frequency of vaccination history differed among patients with each viral subtype infection. Patients with pH1N1 VAP showed higher rates of primary viral pneumonia than those with H3N2 or B VAP (Table 1) . Underlying respiratory diseases were present in only 25% of patients with pH1N1 VAP, and the frequency of underlying respiratory diseases differed among the three VAP groups. C-reactive protein values were significantly lower in the patients with pH1N1 VAP ( Table 2 ). Due to the incomplete workup of the patients' mixed infections, the specific pneumonia type could not be differentiated in 10 (10.4%) patients. Severe cases of pneumonia were present in 25 (26%) of the 97 patients.
Etiology of mixed infection
The methods used to identify the etiology of pneumonia are shown in Table 3 . The most common microorganism in the mixed infection was S. pneumoniae. Other microorganisms included Pseudomonas aeruginosa, Staphylococcus aureus, and Mycoplasma pneumoniae ( Table 4 ).
CT findings
The kappa values between the two radiologists evaluating the CT images are shown in Table 5 . All findings except those for hilar lymphadenopathy showed moderate or good to fair agreement. Patients with pH1N1 VAP showed more frequent bilateral GGOs that affected more lobes than did patients with H3N2 and B VAP (Table 6 ). However, the frequency of unilateral ground-glass opacities (GGOs) and consolidation were lower in patients with pH1N1 VAP than in patients with H3N2 and B VAP. Diffuse bronchial wall thickening was found more frequently in patients with H3N2 VAP. A tree-in-bud appearance was found in 10 patients (10.4%), and the frequency of this finding did not differ among the viral subtypes.
Histology
Specimens were obtained by TBLB from pulmonary lesions corresponding to the GGOs or areas of consolidation on CT in 8 patients (5 with pH1N1 and 3 with H3N2 VAP; 7 with primary viral pneumonia, and 1 with mixed viral and bacterial pneumonia). The cases of three patients were previously reported elsewhere (6) (7) (8) . The histological findings of survivors with either pH1N1 or H3N2 VAP were as follows: in two patients with primary viral pneumonia and mixed viral and bacterial pneumonia, alveoli were not obtained and erosive bronchitis was found. Erosive bronchitis was found in 2 other patients with primary viral pneumonia. In 6 patients whose alveoli could be evaluated, edematous intraseptal thickening, swollen type II cell metaplasia (alveolitis), and intraluminal/airspace organization were found. Fibrin exudation was notable in 3 patients. In one patient with primary pH1N1 viral pneumonia, a diffuse alveolar damage pattern with hyaline membranes and bronchiolitis were also found. In another patient with primary pH1N1 viral pneu-monia, hemosiderin-laden macrophages were also detected.
Treatment and outcomes
Overall, 67 (69.8%) patients received antiviral therapy, of whom 6 (6.3%) required mechanical ventilation and 4 (4.2%) died. The frequency of antibiotic treatment discordant with the established guidelines (5) and antiviral use did not differ among the three VAP groups. Patients with pH1N1 VAP received corticosteroid therapy more frequently than those with H3N2 and B virus infection (Table 1 ). There were no deaths in patients with pH1N1 VAP, and the mortality rate did not differ among the three VAP groups.
Discussion
In the present study, we focused on influenza VAP that requires hospitalization. In Europe, it was reported that younger age, fewer comorbidities, more extensive radiographic extension and more severe respiratory compromise, and ICU admissions are key features of the clinical presentation of patients with pH1N1 VAP (2). Our study showed similar results, but did not show a significant difference in the severity and rate of respiratory failure from pneumonia among patients with pH1N1, H3N2, and B VAP. Presently, primary viral pneumonia in seasonal influenza is considered to be rare (9), although several groups have reported high rates of primary viral pneumonia in pH1N1 VAP. For instance, Perez-Padilla et al. (10) reported primary viral pneumonia in all 18 of their cases (100%), Champunot et al. (11) in 92%, and Cui et al. (12) in 84%. These differences may be explained by a difference in the affinity of the virus subtypes for the lung and airways. In experimental animal models, pH1N1 virus shows strong replication in the lower airways to alveoli compared with conventional H3N2 (13) . No previous studies have compared pH1N1 VAP with H3N2 and B VAP; however, our study showed a higher rate of primary viral pneumonia in patients with pH1N1 VAP than in those with H3N2 or B VAP.
Oliveira et al. (14) investigated the CT findings of seasonal (H3N2, conventional H1N1, and B) influenza VAP and reported that bilateral diffuse interstitial/alveolar infiltrates were the most commonly observed radiographic abnormality (9 patients, 52%), followed by right lower lobe consolidation in 6 (35%) patients. Chest radiographic findings of pH1N1 VAP show that infiltrates are more extensive and frequently interstitial than those of H3N2 VAP (2) . It is thus assumed that the CT findings of pH1N1 VAP also differ from those of H3N2 VAP. In previous reports, the common CT findings of pH1N1 VAP include bilateral GGOs and airspace consolidations or combination thereof (15) (16) (17) (18) (19) (20) . Some authors found no axial or craniocaudal predominance in the distribution in most cases (13) , and others found a predominant peribronchovascular and subpleural distribution, resembling organizing pneumonia (OP), particularly in the lower lobes (18, 19) , or random distribution (20) . However, these reports highlighted pH1N1 VAP only and did not compare the CT findings with those of seasonal VAP. Thus, whether these results showed characteristics of pH1N1 VAP has not been elucidated. In the present study, we showed differences in the CT findings among pH1N1, H3N2, and B VAP. The differences included more frequent bilateral GGOs affecting more lobes in patients with pH1N1 VAP versus unilateral GGOs and more frequent consolidation and diffuse bronchial wall thickening in patients with H3N2 and B VAP. These differences appear to reflect the difference in the frequency of mixed bacterial and secondary bacterial pneumonia and in the affinity of the viral subtypes for the airways and lungs.
The histological findings of autopsy cases from past pandemics showed a diffuse alveolar damage (DAD) pattern, however, the major causes of death included bacterial infection (21) . In fatal cases of pH1N1 VAP, the most consistent histopathological findings are varying degrees of DAD with hyaline membranes, septal edema, tracheitis, and necrotizing bronchiolitis (22) . However, autopsy studies are naturally biased toward the most severe cases. Only one report, by Yeldandi and Colby (23), has described the pulmonary histological findings of patients surviving primary influenza viral pneumonia. They reported the histopathological analysis of 6 sporadic cases of patients with seasonal influenza VAP who underwent lung biopsies. Five patients recovered (2 were treated with corticosteroids for a prior diagnosis of OP), and 1 patient died (23) . The biopsies showed DAD with hyaline membranes in the non-survivors, but also documented a spectrum of less severe histologic findings with a mild acute lung injury pattern and OP pattern, in addition to confirming previously published pathologic descriptions of influenza pneumonia in non-survivors (21) . Our TBLB samples were all obtained from survivors, and the histological findings did not always show DAD, suggesting variety in the severity of histological findings of primary viral pneumonia. A previous report noting the radiopathological findings of pH1N1 VAP in autopsy cases showed that in primary pH1N1 viral pneumonia, the areas of airspace consolidation and GGOs correlated with DAD with hyaline membrane formation associated with various degrees of pulmonary congestion, edema, hemorrhage, inflammatory infiltration and bronchiolitis, or OP (24) . Our study investigated the histological findings of survivors with both pH1N1 and H3N2 VAP, and bilateral GGOs and consolidation correlated with DAD, alveolitis, and OP.
In seasonal influenza VAP, S. pneumoniae (29-48%) and S. aureus (7-40%) have been the most common bacterial isolates causing mixed infections (1, 14, (25) (26) (27) (28) . We investigated the pathogens involved in mixed infection with influenza VAP using cultures, urinary antigen tests, and paired sera, and S. pneumoniae was found the most frequently, followed by P. aeruginosa and S. aureus. Atypical pathogens were found in 11.6% of cases and should not be ignored. In patients with mixed infection, shadows of the infection of each pathogen superimpose and complicate the CT findings. Careful attention should be paid when physicians or radiologists interpret the CT findings.
In our study, patients with pH1N1 VAP received corticosteroid therapy more frequently than those with H3N2 and B virus infection. The rate of primary viral pneumonia was high in patients with pH1N1 VAP, and some patients were initially diagnosed as having acute interstitial pneumonia or cryptogenic organizing pneumonia, and they received corticosteroid therapy. The diagnosis of these patients was corrected to influenza VAP after confirming positive PCR results or elevated antibody titers. This is the main reason for the higher frequency of corticosteroid therapy in patients with pH1N1 VAP compared to patients with other subtypes.
There are several limitations associated with this study. The diagnosis of H3N2 influenza VAP was based on paired sera and patients with an acute clinical course and early death may have been missed. The viral subtypes were unknown in 9 patients in whom paired sera could not be obtained due to early deterioration to death and they were thus excluded from the analysis. However, their data may have affected our results. Because this is a nonrandomized observational study, the level of confidence in the results is lessened. A complete diagnostic workup to determine the etiology was not possible in every patient. Finally, this was a single-center study, and the results may not be applicable in other settings.
Conclusion
The frequency and type of pneumonia differed among three influenza viral subtypes. Of patients with pH1N1 VAP, 80% developed primary viral pneumonia. The CT findings of pH1N1 VAP differed from those of H3N2 or B VAP. Compared with patients with H3N2 or B VAP, those with pH1N1 VAP more frequently showed broad areas of GGOs and less frequently showed consolidation and diffuse bronchial wall thickening. Histologically, the GGOs and consolidation correlated with DAD, acute lung injury, alveolitis, and OP in the survivors. The disease severity and patient mortality did not differ among the three viral subtypes.
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